We have set up M-mode echocardiographic [EC) recording in beagles in our laboratory and generated reference values for Ee indicators of left ventricle function and morphology. Additionally we assessed the effects of sex, strain and body weight on these parameters and the correlation between parameters.
the transducer is held in a constant position and the movements of the cardiac structures crossed by the guidance line are recorded for a few cycles. In this way M-mode EC allows the heart function to be monitored (Thomas 1984 , Bonagura et al. 1985 . Left ventricle volumes in systole and diastole and stroke volume can be estimated. In addition, a number of indicators of left ventricle contraction can be derived from EC measurements (Belenkie et al. 1973 , Boon et al. 1983 . Thus the percentage of thickening of the ventricular walls is related to the contractility of the myocardium (Mason et al. 1979 , Carstensen et al. 1995 . Fractional shortening and ejection fraction are indicators of change in the dimensions of the cavity of the left ventricle during systole, and evaluate the efficiency of the contraction and the haemodynamic ventricular performance (Fortuin et ai. 1972 , Crippa et al. 1992 . The velocity of the free wall motion shows the time relationship of the contraction (Kraunz & Ryan 1971 , Quinones et ai. 1974 .
Echocardiography has been widely used in man to investigate cardiac physiology and pathology (Pombo et ai. 1971 , Belenkie et al. 1973 , Sahn et al. 1978 and to evaluate the pharmacological or toxic effects of drugs (Kraunz & Ryan 1971 , Jones et al. 1975 .In veterinary medicine, EC may assist in the diagnosis of cardiac lesions or dysfunction (Bonagura 1983 , Bonagura et ai. 1985 .EC has also been employed in a few occasions in animal experimentation, for example to assess the effects of milrinone in dogs with cardiac failure (Allen 1982 , Kittleson et al. 1985 . In contrast, this technique has not yet been used for the preclinical toxicological evaluation of drugs despite its potential interest, mainly in dogs (Crippa et al. 1992 , Hug & Singer 1996 .
Echocardiography is non-invasive, it requires only gentle restraint of the dog and induces no pain and little or no stress. Echocardiographic measurements are easily repeatable and do not alter the function of that which they seek to measure (Mason et al. 1979 ) and therefore do not interfere with the measurement of other parameters recorded in toxicity studies. Hanton, Geffray & Lodola In toxicological studies in laboratory animals, the use of two-dimensional EC would allow the investigator to visualize the morphological changes in the heart induced by compounds under investigation and to follow the evolution of these lesions. Moreover, the functional consequences of cardiac lesions induced in laboratory dogs by test substances can be evaluated by M-mode EC (Hanai et al. 1996) .Changes in stroke volume and indices evaluating ventricular contraction are indicators of the severity of impairment of the cardiac function. EC is also a method of choice in assessing the haemodynamic changes produced by high doses of cardiovascular drugs (Hanton & Lodola 1995) .The cardiotoxic effects of such drugs are often due to exaggerated pharmacological effects (Dogterom et al. 1992 )and the measurements of EC parameters can help in the investigation of the pathogenesis of cardiac lesions in this way.
However, for evaluating the effects of drugs on M-mode EC parameters, the methodology should be well standardized in particular for the type of two-dimensional section used for M-mode guidance and positioning of the guidance line. The placement of the transducer is known to influence the results of echocardiographic values (Popp et al. 1975) and there is controversy over the best method of two-dimensional imaging for M-mode investigation in dogs. Some authors prefer a transverse section of the heart (Sisson & Schaeffer 1991 , Crippa et al. 1992 )while others prefer a longitudinal section (Bonagura 1983) .When using lVI-modeEC to assess the adverse effects of drugs on the heart, it is critical to have reference data for these parameters and to know the biological factors which influence them.
The principal aim of the current experiment was to generate reference values for a range of echocardiographic indicators of left ventricle function using a well standardized procedure for M-mode Ee, in a strain of beagles widely used in toxicology. Additionally, we compared these values with those obtained in a strain from another supplier, we assessed the differences in EC parameters between sexes, and we determined the correlation between these parameters, their relationship with heart rate and body weight, and their variability over time.
Materials and methods

Animals and housing conditions
We used 59 male and 49 female beagles obtained from Marshall Farms (USA)and 13 dogs/sex from Harlan (Francel. They were between 13 and 20 months old at the time of echocardiographic recording and had been acclimatized to our facilities for at least 2 months. The animals were individually housed in stainless steel cages (80x 125em) under standard conditions for toxicology studies in our laboratory (temperature: 19±2°C; relative humidity: 60±20%; 12h artificial lighting/day; 14 air changes/hour) and received a standard diet (UAR 125EC, 350 or 400g for males, 270 or 300g for females) and tap water ad libitum.
Heart rate and body weight measurement
At the time of echocardiographic recording, the dogs from Harlan and 32 male and 32 female dogs from Marshall Farms were weighed. The heart rate of these dogs from Marshall was measured by cardiac auscultation over 15s.
Echocardiographic equipment and recording
An Ausonics Opus 1 echograph equipped with a 5 MHz sectorial transducer was used. The unsedated animals were placed in a sling, in the normal standing position. The transducer was positioned on a clipped area of the costal region at the lower right sternal border, at the level of the 3rd, 4th or 5th intercostal space (right parasternal incidence . ' see FIg 11.The transducer was coupled to the thorax with ultrasonic gel and oriented in order to obtain standardized transverse or longitudinal sections of the heart in twodimensional ECj then M-mode echocardiograms were recorded. The transverse section was taken at the level of the upper part of the left ventricle and the guidance line for Mmode was positioned between the papillary muscles visualized as thickening of the left ventricle wall on the two-dimensional echocardiogram. The longitudinal section passed through the left ventricle, left atrium and aortic root which were visualized simultaneously on the two-dimensional echocardiogram. The M-mode guidance line was positioned perpendicular to the septum and passing through the left ventricle structures at the level of the chordae tendinae, just ' below the tip of the mitral valves. Lead II ECG was recorded by the echograph simultaneously to M-mode recording.
The echocardiographic traces were analysed according to the recommendations of Bonagura (1983) and of the American Society of Echocardiography (Sahn et al. 1978 ). The following measurements were made: LVIDd and LVIDs,STd and STs, LVPWdand LVPWs. In addition, left ventricle posterior wall maximal and mean velocities (PWVM and PWVm) were measured as the slope of the tangent at the initial systolic upstroke and the slope between initial upstroke and peak of the systole respectively. A number of parameters were then calculated: 
Assessment of the variability of echocardiographic parameters over time
M-mode echocardiographic measurements using two-dimensional guidance in longitudinal section were performed in nine dogs from Marshall (four males and five females), on seven occasions: at 09:00, 10:00 and 12:00 h, on days 1 and 2 and at 09:00 h, on day 3. On each occasion} five recordings V'lere taken.
Statistics
For each parameter, the mean of the repeated measurements obtained for each dog was calculated and used as the experimental unit for statistical analysis. Sexes and strains were compared using a two-way analysis of variance. Sexes were also compared for each strain separately using a one-way analysis of variance. Two-dimensional EC sections used for M-mode guidance were compared on 13 dogs/sex from Harlan. Tests were twotailed and performed at the 5% level of significance. Pearson's coefficients of correlation were calculated with the sexes both Hanton, Geffray & Lodola combined and separate, between echocardiographic parameters of dogs from Marshall on the one hand, and their body weight or heart rate on the other. When the correlation was found to be statistically significant at the 5 % level and biologically meaningful (when the part of the variability explained by the linear regression was greater than 20%), the equation of the linear regression of heart rate or body weight on the echocardiographic parameter was calculated. In addition, the coefficients of correlation between EDV, FS, EF, PST, PWT and velocities recorded in dogs from Marshall were calculated.
Results
Imaging
In transverse or longitudinal sections in twodimensional EC performed in right parasternal incidence, a number of left heart structures are apparent, in particular, left atrial and ventricular cavities and walls, the interventricular septum, the aortic root with the sigmoid valves, the mitral valves, chordae tendinae and papillary muscles (Fig 2) . Both types of two-dimensional EC sections allowed us to position the M-mode guidance line across the left ventricular structures and to obtain repetitive M-mode measurements. An example of an M-mode EC trace is given in Fig 3. Moreover, there were no statistically significant differences between M-mode parameters recorded under two-dimensional guidance in longitudinal or transverse sec- tions. However the observations made in the current experiment indicated that the selection of a standardized section using these cardiac structures as landmarks is easier and more precise in the longitudinal section than in the transverse section. The optimal longitudinal section is the one in which the septum is horizontal, the aorta and left atrium are visualized simultaneously and have similar diameters, and the mitral valves are clearly seen. Then the line of guidance can be positioned with precision, just below the tip of the open mitral valves, perpendicular to the cardiac axis. Using this method we can be sure that the M-mode guidance line crosses the heart structures at a similar level on each recording and is perpendicular to the long axis of the left ventricle. In the transverse section, the papillary muscles are used as landmarks, but it appears from our observations that the exact level of section and perpendicular plane to the cardiac axis cannot be determined with the same precision as with longitudinal section.
Comparison of strains, sexes and establishment of a data base
There were statistically significant differences in EC parameters between beagles from the two suppliers. The LVIDd, LVIDs, EDV, ESV and SV were lower in dogs from Harlan than in dogs from Marshall, while LVPWs, EF, FS and velocities were higher in dogs from Harlan (Table 1 ). The absence of statistically significant interaction between sex and 177 strain indicates that differences between strains are similar for both sexes.
In both strains, there were statistically significant differences between males and females for a number of echacardiographic parameters. In particular the thickness of the walls ILVPWd and STdl and the size of the cavity ILVIDd) were higher in males than in females, with a consequently higher EDV and sv. However, the higher SV in males was compensated by a lower HR and there were no statistical differences between sexes in CO. The velocities of the posterior wall were also higher in males, whereas there were no sex differences in the other indicators of cardiac contraction.
Based on these differences, reference values were established separately for each strain and for each sex (Table 1) .
Effect of body weight on echocardiographic parameters
Statistically significant positive correlations were found between a number of echocardiographic parameters and body weight. The regression equation and coefficient of correlation are indicated in Table 2 for parameters for which the part of the variability explained by the linear regression was greater than 20%. Figures 4 and 5 illustrate the relationship between body weight and EDV or STd.
Correlation between heart rate and echocardiographic parameters
There was a significant positive correlation between the heart rate and the velocities of the posterior wall. The correlation was more marked in males than in females (Table 3 and Fig 6) .
Correlation between echocardiographic parameters
There were statistically significant negative correlations between EDVand indicators of cardiac contraction such as PWT, PST, FS or EF. EF or FS correlated positively with PST or PWT and with velocities. There was also a positive correlation between PST and PWT and between PWVM and PWVm. In contrast, there were no significant correlations between PST or PWT and velocities (Table 4 ). Table 1 for other abbreviations 70 60 sistent nycthemeral changes in echocardiographic parameters.
Discussion
We have set up Mcmode EC recording in beagles in our laboratory and have established a tool which can be used in biological experimentation in this way and is of particular interest in toxicology. Similar results were obtained when M-mode recording was performed under two-dimensional EC guidance either in the transverse or the longitudinal section. Both types of sections can therefore be used when well-defined heart structures are used as landmarks to position the M-mode guidance line. However, in our experience the longitudinal section seems preferable since it is easj.erto standardize and the landmarks used to position the M-mode guidance line are more precise. The parameters we have recorded in a number of dogs constitute a reference data base for echocardiographic parameters indicative of left ventricle morphology and function. Overall our results correspond to values published by Crippa et al. (1992) who are the only authors reporting echocardiographic reference values in beagles. Reference values established by the addition of data obtained in different dog breeds are available in a few publications (Lombard 1984 , Sisson & Schaeffer 1991 and are helpful for veterinary practice. However for animal experimentation reference values established for a defined strain are of greater interest.
In the current study, stroke volume and cardiac output and index were calculated by 
Assessment of the variability of echocardiographic parameters over time
The echocardiographic values fluctuated with time. However, there were no con- means of the Teicholz formula which has been developed for humans but has not been evaluated for accuracy in dogs (Kittleson et 01. 1985) . Consequently, the calculation of stroke volume and cardiac output and index by the Teicholz formula is helpful for determining the effects of drugs when used to assess relative changes in treated compared to control dogs, but absolute values may not necessarily be correct.
Differences in EC parameters between dogs from Harlan and dogs from Marshall suggest an influence of the strain on cardiac morphology and function. The ventricle cavity in diastole is larger in dogs from Marshall than in dogs from Harlan. In contrast the velocity and amplitude of contraction of the left ventricle and its efficiency is lower in dogs from Marshall, as indicated by lower PWVM, PWVm, FS and EF. In dogs from Marshall the higher diastolic volume is probably partly compensated by the smaller proportion of this volume ejected at each beat and consequently, the differences between strains was less marked for SV than for EDY. These differences emphasized the need for establishing separate reference data for dogs coming from different suppliers.
Body weight correlates positively with a number of echocardiographic parameters. In particular the size of the left ventricle increases with body weight. Similar relationships have been previously described in beagles (Crippa et 01. 1992) and in other breeds of dogs (Lombard 1984 , Bonagura et 01. 1985 , Sisson &. Schaeffer 1991 . In addition, the current study demonstrated a relationship between body weight and the velocities 150 100 1m
Heart rale (beals/min) 2 50 Table 1 for other abbreviations of the left ventricle but not with the other indicators of cardiac contraction. There were differences between sexes for a number of echocardiographic parameters. The size of the left ventricle cavity and walls and the velocities of the posterior wall were higher in males than in females. These differences can be explained by the higher body weight in males and the correlation we have found between body weight and these parameters. However, there were no significant differences between males and females for FS and EF,which indicates that the efficiency of the left ventricle is not influenced by the sex.
Heart rate correlates with PWVm and PWVM, which shows that when heart rate increases in untreated dogs at rest, the cardiac contraction is faster. However the amplitude of the cardiac contraction do not appear to be linked to changes in heart rate since there was no relationship between heart rate and EF, FS, PST or PWT.
In dogs from Marshall, EDV was negatively correlated with FS, EF, PST and PWT, which indicates that when the size of the ventricle cavity increases there is a decrease in cardiac performance. This was consistent with the difference found between dogs from Marshall and dogs from Harlan.
There were a number of correlations between different parameters evaluating cardiac contraction. The positive correlation between PST and PWT showed the homogeneity of contraction in the muscular structures forming the left ventricle. The correlations between PST or PWT and EF or FS are echocardiographic confirmations that when the contraction of the myocardium is more pronounced, the efficiency of the heart improves (Braunwald & Ross 1979) . The correlations between velocities and FS or EF indicate that when the amplitude of the contraction increases, there is no proportional increase in its duration and therefore the displacement of the wall is faster.
To conclude, we have generated reference values for a number of M-mode EC parameters characterizing ventricle function in laboratory beagles and we have demonstrated the eHects of strain, sex and body weight on some of these parameters and a number of correlations between EC parameters. These 181 findings give a better understanding of the functional changes investigated by EC in the dogs and will be helpful when interpreting EC data in animal experimentation, in particular in toxicology.
